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Sir: 

I hereby declare as follows: 



1. I, Dulce PAPY-GARCIA, am Pharmacist, PhD in Organic Chemistry, and full 
University Professor in Sugar Chemistry and Biochemistry. A copy of my curriculum vitae is 
attached hereto as Exhibit A 

2. I have read and understood US patent application serial no. 10/695,574 (the 
"Application"), and have read the Office Action concerning the Application mailed on July 5, 
2005. 



3. The July 5, 2005 Office Action states that the Application supposedly does not 
contain sufficient teaching to allow one of ordinary skill in the art to make and use AXY 
polymers as defined by the Application claims, except for those specifically disclosed in the 
Application. Thus, I understand that the Examiner believes that the Application does teach one 
skilled in the art how to make and use AXY polymers where A is -(0-CH 2 -CH 2 -CO)- or glucose; 
X is -COOH or -COO"Na + ; and Y is -CO-CH2-CHOH-CH2-SO3H, -CO-CH 2 -CHOH-CH 2 -S0 3 
Na + , -SO3H or -S0 3- Na + The July 5, 2005 Office Action also states that the Application 
supposedly does not adequately describe all AXY polymers encompassed by the Application 
claims, but again describes only those polymers which are specifically disclosed. I consider one 
of ordinary skill in the art is someone with a PhD degree in Organic or sugar chemistry applied 
to polymer chemistry, and/or who has about 5 years relevant working experience in Organic or 
Sugar Chemistry applied to Polymer Chemistry. 

4. Concerning to how to make AXY polymers, I consider that the information 
contained in the Application is sufficient to allow one of ordinary skill in the art to make the 
claimed AXY polymers and not only those specifically disclosed in the Application. The 
information contained in the application should be sufficient to prepare polymers at least of the 
general formula: Asub.aX.sub.xY.sub.y. 

5. The teachings of the Application do convey to one of ordinary skill in the art how 
to make and use the full range of polymers encompassed by the Application claims. For 
example, Examples 1 and 2 on pages 22 and 29 of the Application, respectively, show the 
synthesis of AXY polymers in which A is -(0-CH 2 -CH 2 -CO)- or glucose. One of ordinary skill 
in the art would have understood, as of the Application filing date, that other sugars could also be 
used in the disclosed synthesis scheme with little or no modification to produce the claimed 
AXY polymers. The substitution of other sugars into the synthesis scheme could be readily 
accomplished with only routine experimentation by one of ordinary skill in the art. 

6. Concerning the group A in the AXY polymers: The application describes: "A as a 
monomer, which can he identical or different, selected from the group consisting of sugars, 
esters, alcohols, amino acids and nucleotides. " I consider that with the information contained in 
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the application, together with their own knowledge, one of ordinary skill in the art will be able to 
prepare polymers AXY in where A is a sugar unit, (corresponding to any sugar unit, not only 
glucose, but galactose, xylose, manose, etc.) in a polysaccharide and where A can be different 
sugars, as in the saccharidic moiety of glycoproteins or in other glycans. I consider that the 
information contained in the application is enough to allow one of ordinary skill in the art to 
prepare polymers AXY in where A can also be a molecule bearing alcohols groups, as 
polyalcohols. 

7. Concerning the group X: The application describes: "X represents a carboxyl 
bearing group (-R--COO—R', in which R is a bond or an aliphatic hydrocarbon chain, 
optionally branched and/or unsaturated, and which can contain one or more aromatic rings 
except for benzylamine and benzylamine stalfonate, and R' represents a hydrogen atom or a 
cation ". I consider that with the information contained in the application, together with their 
own knowledge, one of ordinary skill in the art will be able to make polymers AXY in where X 
represents a carboxyl bearing group (--R— COO--R') in which R is an alkyl (R = -[CH 2 ]n , where 
n>l ), an allyl (R = -CH=CH[CH2]n, where n>l ), aryl, linear or branched groups and R' is a 
hydrogen atom or a cation. 

8. Concerning the group Y: The application describes: "Y represents a sulfate or 
sulfonate group bonded to monomer A and is contained within a group according to one of the 
following formulas: ~R~OSO.sub.3-R', -R- -SO.sub.3-R , -R-SO.sub. 3~R\ in which R is a 
bond or an aliphatic hydrocarbon chain, optionally branched and/or unsaturated, and which 
can contain one or more aromatic rings except for benzylamine and benylamine sulfonate, and 
R' represents a hydrogen atom or a cation, ". I consider that with the information contained in 
the application, together with their own knowledge, one of ordinary skill in the art will be able 
to make polymers AXY in where Y represents a sulfate group bonded to monomer A according 
to the following formula: --R--SO.sub.3-R" in which R is a bond, an alkyl (R = -[CH 2 ]n, where 
n >1 ) , allyl (R = - CH=CH[CH 2 ]n, where n>l), aryl, linear or branched groups 

9. Furthermore, concerning the additional group Z: The application describes: "Z is 
a substance different from X and Y, which confers on the polymer additional solubility or 
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lipophilic properties, supplementary biological or physicochemical properties, or a 
therapeutic or diagnostic agents. " The Application states also that "Z can be identical or 
different, and selected from the group consisting of amino acids, fatty acids, fatty alcohols, 
ceramides or derivatives thereof and nucleotide addressing sequences. " I consider that with 
the information contained in the application, together with their own knowledge, one of ordinary 
skill in the art will be able to make polymers AXYZ in where Z can be identical or different, 
and selected from the group consisting of amino acids or derivatives thereof. 

10. Thus, one skilled in the art would understand from their own knowledge and the 
teachings of the Application that substitution of the X, Y, and Z components as claimed would 
not alter the reaction chemistry as disclosed throughout the Application, and in Examples 1 and 2 
in particular. The Application therefore contains sufficient teaching to allow one of ordinary skill 
in the art to make and use the AXY polymers claimed in the Application. 

11. I consider that one of ordinary skill in the art would also be able to immediately 
envision all the various AXY polymers encompassed by the Application claims, and would 
understand that such polymers could be made by the disclosed synthetic schemes or by 
employing routine techniques known to those of ordinary skill in the art. For example, the 
applicants state that the AXY polymers can contain -(0-CH 2 -CH 2 -CO)- or any sugar as the A 
component, and one of ordinary skill in the art would understand that any sugar could be readily 
substituted into the disclosed synthetic schemes without significantly altering the reaction 
chemistry. Given the Application's disclosure, in particular Examples 1 and 2, one of ordinary 
skill in the art could also readily envision the specific AXY polymers formed by using sugars 
other than glucose in the disclosed reaction schemes. Likewise, substitution of other groups for 
the X and Y components as discussed above is disclosed in the Application, and one of ordinary 
skill in the art would understand that these groups could be readily substituted into the claimed 
AXY polymers without significantly altering the reaction chemistry, and could readily envision 
the resultant AXY polymers. Thus, one of ordinary skill in the art would understand that the 
Applicants had possession of the entire claimed range of AXY polymers as of the Application 
filing date. 
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12. The July 5, 2005 Office Action also states that the Application supposedly does 
not provide one of ordinary skill in the art with a reasonable expectation that administration of 
the claimed AXY polymers would successfully treat or reduce fibrosis in vivo. The Application 
presents in vitro data which shows that the claimed AXY polymers inhibit the growth of fibrosis- 
forming cells such as smooth muscle cells, fibroblasts or hepatic cells, and restore the quantity 
and quality of collagen produced by such cells under conditions expected to induce fibrosis (e.g., 
radiation) to that of control cells. See, e.g., Examples 12 and 13 and Figs. 23-26 of the 
Application. One of ordinary skill in the art would interpret these data to mean that 
administration of the claimed AXY polymers would produce the same effect on fibrosis-forming 
cells in vivo. Thus, the in vitro data presented in the specification is sufficient to give one of 
ordinary skill in the art a reasonable expectation that the claimed polymers could be used to 
reduce or treat fibrosis in vivo. This is supported by the feet that in the last 20 years, many in 
vitro results have been used as a proof of efficacy in vivo and are now considered as standards by 
one of ordinary skill in the art and regulatory authorities. Concerning safety, regulatory 
authorities now request in vitro assays in the field of genotoxicity (Ames, TK Locus etc.). For 
cosmetic products, animal assays are forbidden in Europe under a new regulation. One of 
ordinary skill in the art therefore understands that demonstration of safety and efficacy must be 
provided through in vitro assays. For example, efficacy for anti wrinkle agents is supplied with 
in vitro assays on skin fibroblast showing increases of collagen synthesis. The use of in vitro 
data to ascertain in vivo effects is thus well established for one of ordinary skill in the art. In the 
field of growth factors and their uses as wound healing agents or for colony stimulating factors 
or for interleukin, the efficacy of the growth factor for in vivo uses are measured routinely by in 
vitro assays. In the case of the present invention, the AXY polymers of the invention are 
selected on the basis of stabilizing, potentiating and protecting growth factors such as FGFs or 
TO 7 beta. This means to one of ordinary skill in the art that AXY regulates the activity of the 
growth factors which are involved in the fibrosis formation and will reduce fibrosis in vitro. It is 
therefore a reasonable expectation for one of ordinary skill in the art that the claimed polymers 
will obtain the same effect in vivo. 

13. The undersigned declares that all statements made herein of his own knowledge 
are true and that all statements made on information and belief are believed to be true; and 
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further that these statements were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of 
the United States Code and that such willful false statements may jeopardize the validity of the 
application or any patent issuing thereon. 

Date: Signature: 
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1997- 2001 Project Manager and Researcher 

ValbioFrance Company, Paris, France. 
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From 2004 Head of the Research Group ATIP 'Heparanome. Structure-Function 9 
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Collagen Synthesis by Human Intestinal 
Smooth Muscle Cells in Culture 

MARTIN b\ CKAIIAM. OAVlO E. M. 0RUCKBK. 
ROBERT P. 01 kC ELM A NN; and CHAKLBS Q. HI. SDN 

nttpailiMmts of INsttotrlw (tfillctan'* M*jAU*A Gnitttlt SunW, ami MntlMsn«, M**li«al i*efc|ie 



Grmvfh kirwftas urn* cofmgen production ivwit? de- 
mi-mined ill smooth musefe wits IsoJuled /rriiri Jm : 
mOn 'fcfMtumi uiwJ mcdofmned in cell culture* Odh?- 
gen tu/ntfictefe increased dtfring Ifiejtnd IS «V?y$ *o 
coflun? at a tune ivften the. rub; of aoH proJi/erotimi 
tvus rnoxuiwd. When con/ftrftfir. thesff.wirs piWuced 
«igni/temilty moro o»Jkn»en thon ■ huniuh derrriuf /T- 
hmhlazis mlttmd uiidttr MfanllGtil conditions.. The 
smooth muscle fceJfs required doily repfenwfimoid o/ 
uscorbuift /or maximal colfogeir synthesis. The types 
of epflopm produced by bumon Jniosl tried smooth 
muscle colh? in Culture tvere tim some us those 
cullQtfsns- extracted from strfotured human bowel 
(types' f; Iff, and VJ. These j?nd*n#s suggest that 
£<>ihty t m production by human iniGsihml smooth 
rmisdo eelte hft« u ralti in fhe repair os welt «« the 
fibrosis o/ the j^isfrofnlcsf inal Iroct*- 

The: palingenesis of Stricture formation in the gas* 
troinlestiribJ tract us unknown. This narrowing of H»i 
hi t mm of the bowel Is characterised by an fwicumu; 
lalion of collagen in the inU^tWl wnlMl). In the 
past k has boon assumed, that this collagen was 
produced by llbtohla.srft. Qur initial studios of colla- 
gen isolated from inflamed intestine have suggested. 



R«ijiiv«d Mim*i mwv. ao»;p*kI J«ty *«. 

Address r*>qii*iiii* for reprints to: Martin K, Cm I mm. XU>-, 
pc?Hjnm«n».i>I PediaiKcs,. Mrffki?! <:<jll^ *>f VO^tta, Q*iMI*u»>'* 
M^it<-;»1 Otter, MCV Ststtfrm, m>x KfehmoMl. VJrgmiu 

ThU wurfc was suitfKtrtml ln* ii ^rom f *^ Hi »lw>fcrtM»»u»l K«»««da- 
ikn\ hw MmUs HoMiis anrt'NaUotiaS-liKtihilu* mI H«ahh #m*a 
AM.?-M5t, Or. nraham is ihu uN:»|si«nl of 4i t:J^rt;f !>cvdu|>m«5i« 
Awiinl fK?m the NjJ1o£«jI Foundutiun f<«? flt*ltijs and 

Tbti ;»aht>n; lhank K. t&usihuiro ami N. f :«.M*:h«lfc f<tr t^Jutkal 

feir Ms many heijAil' suj^sslkinji i«5W«linjt lh»> >P«l»tion mi*i 
ktuntifK^Oon t>t f.otlii^rns by <;l»H;tfophofii*i!S, Or. Ifyvcy ^n^- 
iniui f^r Help 1» pr»X:wri**ft sp«d»«:tis, ftui l Or. i.tmlWml an<l 
Dr, W^ll for thulr helpful illscuaaioh? ol litis wft»k. 



however, that this protein was synth&tixud by inU^ 
tin.ti .smooth tmtsrjc cioH$ t j.mtI not by fibrohtasts S 
'To iiwujsligsiio further Ihe 'poftslblo roto'-pl humS 
tniu.sihiai Smooth muftcle (lll$Mj ttfill^t to intestioM 
stricture format inn,, thasn won* ijiols: !♦ mafS 

tatnod iii cuUuor (3). and analyzed for then vinUa^Si 
prod net inn. Tho. results domoi Pirated that HlSm 
ootls product* significant amounts of coMngcaj|ai 
vitro, and that this process was unhauced by a 
proliferation and by ascorbate. to addition, tho ty* 
of coib^un<t ^ynth^f^ai by thcsuo^lb in vitro 
the same as Ihoso ex trailed from Mrictur^? humka:: 
bowel. Synlh«sl4?' of iargu t|uantittc;; af <:ol ;cn i$>? 
function of thoso coH$ that has heretofore not 
rocognix<KL liocaiisu such a largo fraction of protd^f 
production was committed to Ihp synthesis of co!li|| 
gen 16%™ 12%), w« $ug^est that, this function is|| 
speciaiixed otie and may have a umior rote in the 
mpair of the injured ga^tromtesUnai trat;L In testing 
flbrosUs and -subsaqutflU stricture fornuitior re pas- 
sible complications of this repair proct^H. 
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Materials and Mot hods 

Gull fsofution ond 'Cull tire 

Smooth, muscle C«H« vv»>ro fsoUitod from human | 
|ti|imu.rii hy Ci>ll^nas?« digirsttoo of t>\U:v.s of mtistwMf^ 
propria as previously d«?s*;rtb*«l t^: Amtjrican Typ 
OilhKlion, DWal<i.M Ko CKt lt>l»2. Koekvillu, Kj^O- ^ 
ronipsmHiVtV «tudba. luiman nuittc $muom tnOs^cle «el» j 
weO: isoh»led in sitniUr fashion by eolltt^enas© 
sirips of laetHa frorn tlioroci«: and itdrar«jmit ««>mt* ^ 
tumvxi fn*incmtavi;rorKan donors. Asa second n:ftaeflO£ 
Ctiil Itnav fibroblasls were ftfown front ^plants of n0 ^^ 
Ihooou deruu:;. Siitoolh muscle <:ciM cu Junes wtrr« 
Uit<i<l ft>r U *vk in Didbuucxi's iwMllRod Kaglu * 5 ^ 
sopploimaiteil vtitt) 10% f«tal o^itf s»jrutM ItX^sj ahu whig 
thny 'wcmlrypsinized rmd-rOptotetl for use in t^p<sfifn«0^ 
KibmhtoMs were UstJcl In the fitth or stotli ims^i^e. 



Ab5r«;vM'olf,ms us£h! in this w^r: VCS, f*Ui\ <^tf ^arum: I 
human inUwdoal sn*o<Hti muse hi 
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Diilerminofion ojT Collagen Synthasm 

:fec< of CitH gnnvlli. After passage from primary 
J imrCj HJSM calls were inunbaiMl it* Diilbceco-s mwti- 
fLd Eaelb medium containing 10% I'CS and vvem refed 



ged Eagl° mad him containing 
^jjy with medium containing aseorbate fO.l «»M|. At 
Sorio« s limt * 5n^ Vfl '«* WHre inciibrtlwl for 5 li hi 
tjcruin-fnje muduim eonfriiiSiiH i.-|5~ 3 HJpmihie fSctnvarKf 
^j,. 4 fiCi/ml) and iresb ascorbati:. The evils and 
^n»m scraped honi ih« plates, combined, and heated 
90 r C t« destroy protease activity (4). Thtt rmM<»atilive 
gotdo wn& rcmovtsd from uidneor|*irated | : *H| proline by 
^seated precipitation with 5% trichloroacetic acid al 4*1 ♦ 
S^was. then dissolved in 0.2 N NaOlh Collagen was 
uascigqaily fcolubitlzed by diction with piirtfiod bacte- 
collagefin^ o(lw which the nomwtlag«;ht)«s;p<j- 
igli, repreelpitated with 5% irichlor(w;I^H:iic}cM>S%. 
W)c «eid, jRatlioaaivisy wus determined hi the supema* 
lanis ce Jaining ,eatinfit>ii-dwriv«d peptides the pellet* 
Malning iwiieoilaj^nous protein. The deoxyribonucleic 
add content of samples Was determined fluoromet rieally 

RJ/eet o/ <iseorh«ie. Human hi testing I stnoolh 
\ncM\H were fed <laily with medium contain inu fniah 
„,_bat« mM) lor. either a, -I. *V « < la ys before 
iactibatimi with ^IS^HIpmlinef/CeiLH mil supplemented 
as* dtaUs were >;K>en fresh medium. After a days in 
jcalture, eallnuen synthesis was determined as described 
;«bove. 

h- QuuniiUrtwn of 'Human fniasflmiJ Smaolft 
Muscle OAi ProUfwdiw 

I Cell proliferation was quanlilatwUn cu!t««:*.Uloii- 
Jcal to, end Incubntad iir parol tel with, those cultures used 
gfar den* nnntton.of ublbgeh 5.vuth«sU, Ceils were re* 
~ moved trout the. culture dishes by treatment -with 0.1% 
Ifeypsm for it* mil* and then counted using a hemoeykme 



OeJermi notion of Go J lagan Types 
Synthesized by Human Intestinal Smooth 
Mimic CaH$ h\ Vitro a$ Compared With 
• C ittgeri ijfulcilcif Fmin flurnmi Intestinal 
Stricture 

'•* Aftrir passage Horn prioiury cdHuru, HXSH eel Is 
^rovvri for 10 «lays in Dulb0C&o*s modified IvJt^le 
Supplemented' with 10% ICS. 0?»a were th«n 
g^N^ed for i> h hi liisram-freQ mtfdiunVcoulainhiU a^'or* 
(0.1 m\th | W C| proline [OS /*Cb'ml). L.l5- 3 H|pw)liiie 
Wj- P(3?m\U Mr>^U|Mlyeine (25 mO/uU) 0CN. Irviuo* 
Jj /^iuiihin pnipi«t)llrit« (*>/t «n^mij. Protean 
^ibijqjs |,H| iy b; !nf: aianii»etelKiacwtM: -tiisltl (20 tnM|. N- 
gV^feimide (« «n^l. «ud plwiiylnifiiliylsuJfoiiyl B«o- 
5fe(l OiMjj and (1.5 M «<;et«: aeid were then added- After 
2jj «4T., tKc: <;<>m!Hn«d cuiUeriol was dial y».nl ap.ninst 
7^ ni ^d water and then 0.4 M NaCI 0.1 M Trts. Chyme- 
7J? S »* (O.U u^nlf wa§ mUhni lor G h Hi 10^*, after whielt 
^g^yj-Vpherdylalunine chlnrnmelhyl ketone (•>.! nij^'ildj 
»^ 4 add*>' iverni^ht to Stop the ntactlon (7). The uoluhhi 
then dialyxed agahisi 0.5 M acetic acid H^CJ. 



Collagen wjis pree'tpitated in NaCl (4.5 Mi and then 
r*^<oluhttiv-e»i in acetic aci<l. The CA>lla^en liancb wero 
sapurated by polyaerytamidt: slab #ol elect rophentsis (tl| 
usniitf a ureo hnffer M). 3% .stiiektog fteh and $% 
separating geh The . dried gel vvns then <^vpOsed ;o ph<»to- 
exaphic liliii. 

For anutvHis of enlhigsrm tvpns present in slnrJureO 
!>owet, eoJhigen was cxtnt«:t»«i from On? surgically resedtid 
stdaured ileum of a patient with Crohn's disease. The 
satnplc was niiiu^d. oxlfn<:tml with 0.5 M aeet»e «<ad and 
pepsin (0.1 in^iui, 4*C, C hj. ecu t ratted with sodium 
hydroxide to inactivate thrj pepsin, tmd llwn. dialyxed 
agauest 0.S M acetieaeid, Sail piwapitaUon ol eoHagen and 
l«dy;a:ry!amtdesiab j?el electro phi Missis were peifmnunl as 
for the rndiooclivf: samples. 

Results 

Effaci of PrbUfGtaUon 0« Hnmim hrresh'nof 
Smooth Mus^ia Cell CoJIogen Hyntfiests 

Human inlesitnal smooth muse to cells prolif- 
erated rxtpully lor the first 15 days in cultore (Figure 
I). Thf5 incorporaUon of proline inla collagen, 
measured helween days 5 and 15 of this groxvth 
period, increased more than twofold. In contrast , 
incorporation of the isotope into noncullagun pro 
lain dBCrea$od 50% over ihls ftuie poriod.. Collagen 
production was maximal «t a timcwlicn tins colls 
wuro QpproacJiing confluence on day 15. From days 
15 to 25 in culture. Hid vale of Cell proliferation 
decreased markedly. During this. latter time period, 
both collagen *m<J noncolhtgen protein production 
decreased, 

Effect oj Ascorbttte mt Human Inh^iinoi 
Smooth Muscle ■■ColUi&tn. Synthesis 

Because ascorbhUi luis been dtunohst rated to. 
he a critical cofaeior for tnaxtmal osprcsston oi fully 
hydroxy bled, collagen by HbVobtels (9;tDl. wo. next 
examined the effect of this eofoctor on collagen 
expression by HISM celt^- Culture tno<lium wa$ 
supplemented with astcorbalb for 2. 4..0, or S days 
before measurement of coihi^eti- Increases in abso- 
lute collagen synthesis Icounts per minute per plate) 
and joiaJive collagen synthesis (percentage of total 
pnitoin synthesized I were both dependent cm the 
duration of uscorbnfc supplementation ^Figure 2). 
Neither nuncuUa^en protein synthfisis (Figure Z) nor 
cell proliferation (data not shown! was nfTcclnid by 
ast;orb<ne supplementation. 

To deh?rminc whether the requirement of UI$M 
eolls for ascorlKite was mollified by the concentration 
of FCS in the medium, cultures were fed daily with 
medium containing 0 .5%. 3%. or 10% FCS. with and 
without ascorbate. Relative collagen synthesis by 
IIISM celts increased 50% with dally addition of 
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f%irt; |, Effect of jnowfh on cottag&n. «ynih»«ri:» by MISM cat!* Altar passage fmm primary -vulture, cell* were fnt -itesJ b 
f>tilht;i*.co's modified K?»ill« medium supplemented with U>;1> RIS and a&orlAiHi UM mi Ml- MteJiuo* w«$ n? placed <lalty, At eacfc 
tim« inttfrvftl. colbw«fu pulsed '-with' pHJpre>ls»o fur dclmmrciffott at <ucmix«ttiion into «;0llmi<tn ami noncolfe^m {Mas. 
Valuta am thu meat* * Sf£M< « ~ 4. &M nmnhnn w&v itaarftinotf i» iftentital c»jtnt«? 4tehoa. 



asoorbato, irrespective of the concentration rtf FCS 
present (data nut shown), 

Comparison of Collagen- Synthesis by 
Hun ion ttticMhutl Smooth Musclv Cults. 
Homoo Aoriic Smooth MOsckr Ceils, find 
Fibroblasts 

Smooth muscle colli; tram both Intestine and 
aorta produced significantly more collagen com- 
pared to dermal fibroblasts [Table l). Wh«n these 
data wore calculated on the baa is of deoxyribonu- 
cleic add content, the If ISM cells produced -* lb* 
fold more coition then did dermal fibroblasts, .iter 
cause this increase could bu duo to differences in 
uptake and cell pools of proline in the two different 
cell types, collagen synthesis relative to total protein 
synthesis was also compared* Tins i nut hod of anal* 
ysis has been established as a valid means of elimi- 
nating these possible differences between celt types, 
arid is based on the assumption that a common 
amino acid pool is used for both collagen and 
iiOftCoHogeti protein synthesis in the same cell [4). 
When calculated on this basis, collagen synthesis by 
HISiVI cells was twice thai of fibroblasts. 



I cfe n I iff cu lion of the Co I J crgen Ty p es 
SytUhzMzud hy Human IntG&lnai Smooth 
Muscle Cutis In Vitro 

Autoradfograms of radioactive collagen pro- 
duced by .M ISM cells in culture demonstrated that 
the major collagen type synthesized by I1ISM cells w 
vitro was type I (Figure 3). Type HI collagen was also 
produced in relatively lar&o amounts as evidenced 
hy the movement of a major band into the area of Urt 
o,(t) band following prelreatment with dilh thr&- 
I oh Type V collagen was produced but in restively 
smaller amounts, as Shown by the presence of the 
t*t{V) hand which required enhancement by P r< ^ 
longed exposure. These collagen types wore idenU* 
eal to those identified in collagen extracted from 
strict ured bowel- A got representative of 10 samples 
is shown in Figure 4. 

Discuss ion 

These studies have demons! rated that iJinoOt^ 
muscle cells isolated from normal human intestia* 
produce large amounts of collagen in vitro and to*? 

moa* 



this expression of collagen production can be 
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Figure 2. Bftccl of asouihatts jirelrwatrnynt oa ttftttagfeft .svnUidas 
e&Us. Cells wvw f«:<l daily with medium 
cfWtitiimtg Inssti iiscXM^tc CU.l inM) for «»Ui«r 2. 0. Qi 
a d^ys ^fojfj.im:u!K'ii;«a %vjt]i M5-U%iri>f»M<i< Oils jw! 
foil with «i'sc)i«b»i*i were given lx«??h milium, (tolfcigetv 
$;»'iala:&i$ ■ iv5j»- d^ftnnfmxl 'after 0 days Its cnlhmi. i$£?" 
'i'Jmm &$mzixt{i.i iUiMijttt no iiihtt'A t«» i^tU |»n>ht«r«tk*n. 
{daia siot shewn), ah&frluttt .'iHil tunM f o!lii,^?f V 

protein synthesis «*r« exprnftwti as ihe-anunssU f«| 
pHJgmtmu im;ori*i>ratf?d as » functlrm of UMdl numher 



C>iMu#efV Synthesis fey Murium hilt*sliri*il 
&m0ofh Museh? Colin Compttrwl ti> tlutmm 
Aortic Smooth MuxrJv, CeJJg ttmf ffuiruni 
rtorm«J:FiJ>rtd>kiste 
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Collagen 
UNA) 

2(1,2 * 0.5" 



UNA) 

45. f* *• 7,iT 
3S.H UX»* 



Rwhtfivti 
toitagigri 
synthesis 



■!■ Oil 

ti.ji - 0,3* 



*S£h*''" , *** >n 0e*d: HASM* hiiiniin afiilic $infn>fli mitt* 

P***^^"* f '«WM«?m intent m;»l smooth a»m;ta Valuus arc mcauT* 



" Sk;mn<;anily different: from omr^jxmdiny vain**;. 



Itiifc.' > * * i0r} ' Ws-way analysts of vammw tisinn si 

hlfcjf^ MwtJL TJi<? ihrtns wJI types' w«*ru amdy^*! tm»l«i 
'Sted^ ^"^'Hon* it| cnU««r<A CoUa£.a« syntheses was ifelnf* 
: 6 - 1 * 5 ' l * rfi *ys in euhu to wb<?!> m*Hs w»ch eon llama. H>tl^i iv< ; 

sy,, ^ ,<JS< " uxpwaaKNt as « poretnit;i&e of i«itnl fimtoin 
^^*H»i»«H after cornea ion for Ihc ttnrichtjd prelim: and hydroxys 
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#^ Mm 

+ OTT 

Oft«rr ihtiy wtrri? |«Mi»0«l with iscrlopcs »S de* 

s*ari tx»i I iir M »i t if w I s , t!ol n'; i $ tetrad od w Hh n>:»^ i j; 
acid iifti?i ; di^tssUort \vs*h ^hymnii r yp;;»<». <i. i?«Hx|t»u*»l 
^itr»p!t? (— } KH*»w«.id « } typ«i JH, 4i 5 tyi*® V, nn*A 
jyi»t i »:kiifci t ^.Tluti- | : H»rJi>Mt u( «>h> gnl v^t* 

the I>f«i.<«»«» «< Jhi» i*»lVJ hatiii. ^Clviius <>f iy|m I 

<x*t«<<» tu iU>) x!<\, Tlx- ilteiijijXJiiJiiMwof ihc?yp«:r Ht liand 
i>t ihi* u^i of r.h^ »?oJ 3*sqriated im;rr?^*; in 

tfwr d<:i«ily o'l ?h«j <«, tyjv; i txirtd arwl k t:h;sr:t<:t«.:fi\Ht* of 
lypts III oitfegtnt. id«ntifia»tii>Ji <*i th«* <:*>h*u*^t»s was 
Ctmfirnvul by thf^r comigi<iliun with ;ijip><»l'ri^'«' 



mUiUxI by th« pixrlifcmtivd siaUj.or ilu* colli? ;siui iho 
pr(*snncQ «f asciirfKifo. 

The RbTohlosr hm in I he post hcon lhi>i^ht of as 
tli€ <.;<;H r65p4iis'iblb- fur b(iilt repair antl fibmsi5 and 
has thus h<:en extunsivijlv .atndiod. Mivro rifc«:iill>% 
vvi>rk hiir^ Iwon i^cpurioil i»u coHng^n jiroducUun by 
arturki} HmoiMh Cells [II- M), and i;oIL«; 

.mi now though! t<:» Imj rosp»>n«thh; For iho #y mitosis 
of colhigeti in nthiii:osehivoiie plaqtH/ ( J:T} : When 
collagen synOiosLs o^ confident I IISM culls wasr.mn- 
parod with thai of lumitin aortic: smooth mu^eJe culls 
and human derma! fibroblasts cultured under iden* 
Heat cofuHlkms. bolh the 1HSM c:cJLs nitd human 
aortic smooth musclo colls produced sij.mifi<;an(ly 
more aolhiMori relative tu total protein than the 
fibroblasts (Table ij. Thosu results suggest thai cwj- 
fageti can be a major synthetic product of lilSM ceils, 
IJltrastructural skidies of chrunicaUy inflamerl |if>) 
and hypertrophic (17) bowel have demonstraled 
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Hfcurw 4. Q^feijijKti lypi}% exlratUml tmin &t tc,\mm\ \»>w»\. Cutta- 
«;Ora«;*t!;tI horn the sursji&ulty rcais«te«J 
etlfietutiHl ileum *>f a patient with Crohn'*. fliMi«*^> ji* 
tfofvfirihttd ht Methods- it, UunxliKXtl sronpU: | ~.| shtw- 
hig&, lyiiit HI, rt, tyrm V,.iftO ft, iifjcl type I chains. |> f 
Siimplf: f»HlucinI hy expi>?ius<< to 2(H) fttM thOiMUroUtjt 
tatara ftitptieulicm i»lh* "eel. ThYt. tyrus HI harujl famm* 
ishmt iii d<m«Uy and movant into this arcui «f tti« «»t(t}. 
<hsirt which ht:«i.'wiH* mom dunsc c* Th« presence of 
iy pe 1 1 1 Co Hag.j h w«»> efoftrl y demo i i s lr*i t«tt by I he t J t> 
by^t'ruduuliati technique whct« tlithi»>thrvHt>} fast) 
mM) was ;nhli?>t after IHI mm ai oltKttrAphfth^i^Thi; <», 
type- ill c*>)ta&?n baml htktam*; viyihlt? hetvw*m flit; «,V 
th*»d aiiil (he ha&d. A /^uh.'un t*f tyjxt III culta^n 
was »&0 visible ifamxl Jrteirtitoi h>a or tU<x '&>?to$&n£ ' 
was co:»iirmt:>l by Uiuir eomisntrion with aripn>i*rtatg 
statu** ots. H »«??;*: fuiditigs have bixm ohstirvtrd In 10 at 
JO siijnfjh* of «tffettiftii bowfe! laUraaed iii identical 



increased numbers of collagen fibrils in close asso- 
ciation with smooth muscle cells. The data pre- 
sented here substantiate the inference . itiadp by the 
ultrastruelurul studies that intestinal smooth muscle 
cells can have a major role iii the production o£ 
collagen m the intestinal wall under .|Milhiilo»tc . 
conditions. 

Collagen -synthesis by IllStVJ cells required daily 
siippl omenta! ton with aseorbote tor maximum ex* 
press ion {Figure 2): In addition, the stimulation of 
collagen production by resenrbate was independent 
of the concentration of l'*CS it* the medium. Both of 
these observations are in contrast to studies of avian 
tendon fibroblasts (10), which showed thai Only «ia h 
of.ascorbnlc supplementation was required for max- 
imal collagen synthesis and that the requirement for 
aseorbate could only be demonstrated in the i>ru&' 



mice of low (0.5%) concentrations of serum. Th* 
findings from the present study, lherefnre% suggest: 
that eel lagen expression by II ISM cells is enhanced 



by risen rUuc in ways that may Ik; distinct tV-s 



hi the : 



process observed tn nbrohiit^ts 

Cnllaticn production by MISM cells increased 
markedly -while cells were proliferating, reached a 
inaxiuuiiu when the cells achieved confluence, and 
then decreased (Figure I J- This Jnereaae in collageo 
expression during eel I prolt feral ion has been ob- 
served by others in studies of arterial smooth muscle 
cells (U.l&i. In addition, arterial smooth ui£c| e 
cells, when stimulated by serum, have been hewn 
to switch from a contractile to u synthetic state (13). 
The stimuli that induce this ehao&e and its reversal 
at cOnlluenae are unknown hut probably depend on 
signals between cells, and- between cells and the 
iiXtracelkdur malrix. It is possible tliat celts, while 
prolift:r;tting at a low density, have a requirement to 
synthesize extracellular matrix, pur finding; *\ this 
s I udy of HIS M ce 1 1 eo I luge f i prod net ion are consis- 
tent with those don eon arterial cells. The increase in 
collagen production that we have documented dur- 
ing proliferation of MISM cells would coincide with 
a change to a synthetic state. This increase in colla- 
gen synthesis appeared to be -Sped fie for collagen 
because there wajt a concomitant reduction ta 
noncolbigeu protein synthesis (Figure 1h 

The collage ti types synthesized by IIISM cells in 
vitro were identical to those found in sirictured 
howct namely types h III,- and V. Production of 
collagen types with this distribution is characteristic 
of smooth muscle cells and not fibroblasts The 
findings demonstrate thai IIISM celts have theabib 
ity to i>roduce the collagen phenotypes that *iarac- 
tertze fibrotlc lesions of human bowel. 

Collagen is a major component of the extracellular 
matrix and is essential for the structure and strength 
of all tissues. It H of particular importance wheOa 
tissue is iniured and rapid repair is required- We 
speculate, therefore, that HISM Cell collagen synthe- 
sis is a specialized function that is requi^d to 
produce odd « tional extracellular matrix in trn ia%vel 
wall . in response to injury. It is also likely that th« 
strictures that complicate Oi ilam unit oiy condition* 
of the |*astroi n test i rial tract are a Hbrotic couse- 
quence of this repair proems; * 
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